The paper is concerned with hypoplastic models for both coarse and fine grained soils. It concentrates on the description of models parameters and presents procedures for their evaluation based on actual laboratory tests. The sample of sand for the calibration of the hypoplastic model for coarse grained soil comes from the Třeboň basin. The sample was classified as Sa. The second sample was classified as saCl and comes from the Evropská avenue in Prague. This sample was used for the calibration of the hypoplastic model for fine grained soils. The classification was performed according to ČSN EN ISO 14688-2.
Introduction
The theory of hypoplasticity offers a sound approach to the modeling of soil behavior which considerably differs from classical plasticity theories represented for example by the MohrCoulomb or Cam-Clay material models. Unlike these models hypoplasticity allows a nonlinear response of soils behavior from the onset of loading as well as upon unloading. It captures most of the principal features of the soil behavior including the dependence of the soil stiffness on void ratio and stress level. Although the essential material parameters can be calibrated on the bases of standard laboratory tests, the hypoplastic models are still far from being used in routine practice. The objective of this paper is thus to provide a suitable tool for the estimation of model parameters exploiting laboratory measurements and numerical simulations to bridge the gap between the theoretical formulation of hypoplastic models and their application in engineering practice.
Although details on the calibration of hypoplastic models are well documented, see e.g. [2, 6] , we provide here their summary with emphases on the virtual testing laboratory, an automated tool for the determination of model parameters, being developed as part of the project TA04031603 [7] . While data for the calibration of hypoplastic model for clay were derived by the authors within the project TA01030245 [8] , the data exploited in the next section in the calibration of hypoplastic model for coarse grained soils were taken from literature [3] . Compression steps of the oedometric test from Fig. 1(a) are presented in the Tab. 1 including the transformation to ln × space.
Tab. 1: Compression steps of oedometric test

Critical state friction angle
In general, when exposed to monotonic shear loading the soil reaches its critical state when the volumetric deformation rate stabilizes at a certain level while the mean stress is maintained constant. Determination of the critical state is usually performed by means of the triaxial test. In this case, however, attention has to be paid to the localization of deformation into a shear band in which the stress does not correspond to the measured stress. To minimize this effect, frictionless platens should be used and the sample should be prepared in the loosest possible condition. Preferably, critical friction angle of soils composed of grain sizes higher than 0.1mm can be approximated by measuring the angle of repose. This test is simply performed by slow lifting of a funnel filled with soil. The soil heap created in such a way is close to the critical state. In order to receive a reliable result the funnel should be in the constant contact with the forming heap during lifting. The base beneath the heap should be rough so that sliding along the base is prevented. This test provided the value of the critical state friction angle, see [2] φ 35.5°
Parameters and
Parameters and control the slope and curvature of the compression line, respectively (Bauer's formula, see Eq. (1)). It is shown in Eq. (3) that the slope of NCL (Normal Compression Line) is followed during any proportional compression. Consequently, the oedometric test could be called to replace the isotropic compression test for calibration as it is easier to perform and allows for reaching higher pressure. Jaky's formula, Eq. (2), is usually adopted to calculate in Eq. (3). The obtained values are depicted in Fig. 3 .
Initial void ratio , ,
Void ratios , and control the positions of the limiting void ratio curves in the × ln plane as shown in Fig. 2 . It is postulated that the development of the limiting void ratio curves and is controlled in the same way as expressed in Eq. (1) 
Parameters and
Unlike previous parameters, which can be obtained by direct calculations, these parameters have to be evaluated on the bases of parametric study by simulating the triaxial shear test. Parameters and control the evolution of stiffness and pyknotropy factors [1, 2] . Their determination requires the knowledge of all previous parameters as these enter the numerical simulation of the triaxial test. Matching experimental measurements with the numerical results, see Fig. 4 , gives the values of 0.03 and 1.9.
Fig. 4: Comparing triaxial test and simulation
The final set of parameters is stored in Tab. 2. 
Hypoplastic model for fine grained soils
The hypoplastic model for clay [2] is defined in terms of five parameters φ , ν, * , * and N, which are much similar to those appearing in the Cam-Clay model. First two parameters can be evaluated from the results of the triaxial test, see Fig. 5 , while other three follow from the oedometric compression test, see Fig. 6 and Table 3 . The soil sample was classified as saCl.
Critical state friction angle
The critical state friction angle can be calculated from the results of a triaxial shear test displayed in the ´ ´ diagram, where and ´ are certain effective stress measures defined in terms of effective principal stresses as , Usually, three triaxial tests are performed in order to gain reliable results. In that case parameter can be estimated using the least square method. The critical state line equation reads, see Fig.5 , 
= 0.0507
If it is indicated that the soil sample is overconsolidated, it is advised to perform a compression test on a reconstituted soil sample as reaching the NCL of the overconsolidated soil sample might exceed the loading capacity of laboratory devices. Parameter * in Fig. 8 controls the slope of the isotropic unloading line and is given by * = (
Apart from that it also controls nonlinearity of the hypoplastic model. Therefore, it should be rather calibrated by the means of parametric study on the undisturbed soil sample instead of direct calculation from the first step of the unloading part as suggested by Eq. (23). Tab. 3 contains the data of oedometric tests performed on both the undisturbed and disturbed soil samples. 
During isotropic compression the shear stress does not occur. However, during the oedometric compression test the shear stress arises. Therefore, the value of parameter derived from the oedometric test has to be adjusted to locate the correct position of NCL, see [6] . To do so it is necessary to simulate both the oedometric and isotropic compression tests numerically, see Fig. 7 . It is important to start both tests with the same void ratio and on the same axial stress level. It is recommended to load both samples to the limits so that the compression line levels off. The distance between oedometric and isotropic compression lines Δ is provided by Fig. 9 shows the difference in progress of the oedometric test before and after adjusting the parameter for and thus confirms the necessity of the adjustment. 
Parameter
The last parameter to be determined is . This parameter controls the ratio of bulk modulus K to the shear stiffness G. The most appropriate way of how to determine the parameter r is to perform a parametric study of the triaxial shear test in the plane. Comparison of the results from simulations and the triaxial test performed with the chamber pressure 100kPa for different values of r is plotted in Fig. 10 . The calibration process yields = 0.3. Point out that a new version of the model is now available where parameter r is replaced by a new parameter ν being defined in terms of parameters r, λ * and κ * , see [5] for further details. 
Summary
This article was focused on the calibration of parameters for two hypoplastic models for soils. The calibration performed on the bases of standard laboratory tests should help to understand the meaning of each parameter and thus provide a short guidance. It is our current effort to develop an automatic numerical tool to make the calibration process as simple as possible and thus to bring these models to the point of practical applications.
